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ABSTRACT 


Objectives: The study was designed with the rationale to investigate the anxiety-like behaviour with pseudoephedrine treatment 
in albino mice. Numerous reports of case studies suggest that pseudoephedrine treatment triggers anxiety symptoms in patients. 


Methods: Pseudoephedrine at doses 2 mg/kg and 5 mg/kg p.o was tested for its anxiogenic effect in albino mice by using el- 
evated plus maze (EPM) and elevated zero mazes (EZM) models. Control and test group mice were treated with distilled water 
and pseudoephedrine for 15 days. The anxiogenic assessment was done on 15th day one hour after pretreatment with distilled 
water and pseudoephedrine. 


Results: In EPM study, there is a significant reduction in the number of entries (1.8 + 0.63 with 5 mg/kg and 2.8 + 1.39 with 2 
mg/kg) and time spent in open arm (5.8 + 0.47 seconds with 5mg/kg and 8.0 + 1.98 seconds with 2mg/kg) with pseudoephedrine 
treatment at both doses when compared to control-treated mice (Number of entries=3.2 +1.78 and time spent in open arm= 12 
+ 0.14 seconds). In EZM there is a significant decrease in the number of entries in open arm (1.4 + 0.21) and time spent in open 
arm (4.4 + 1.72 seconds) with pseudoephedrine 5 mg/kg treatment when compared to control mice (Number of entries= 2.6 + 
1.35 and time spent in open arm= 11.6 + 1.26 seconds). 


Conclusions: The reduction in the tendency of the mice to enter into the open arm after pseudoephedrine treatment indicates 
anxiety. This indicates that pseudoephedrine has an anxiety-inducing property. 


Key Words: Pseudoephedrine, Anxiogenic, Elevated plus maze, Elevated zero maze, Open arm, Number of entries. 


INTRODUCTION congestion problems during the common cold.° The psycho- 
tropic impact of pseudoephedrine 1s notable since their broad 
use by belligerents on all sides of the Second World War, 
is one of stimulation with increased aggression and higher 
fatigue threshold.® There are several reports which indicate 
that continuous treatment with pseudoephedrine can lead to 
cardiovascular, neurological, anxiogenic and mood-related 
issues.”*? However there are no preclinical studies till date 
regarding the anxiogenic effect of pseudoephedrine treat- 
ment. Therefore the present study was planned to explore 
the anxiety-like behaviour induced by pseudoephedrine 
treatment in albino mice by using widely accepted anxiety 
models such as elevated plus maze and elevated zero mazes. 


Anxiety disorders are a group of conditions set apart by out- 
rageous or obsessive uneasiness or dread.’ Anxiety disorders 
can meddle with an individual’s work, family and public ac- 
tivity. They will in general be constant and can be impairing. 
Despite their across the board commonness, anxiety issues 
have not gotten a similar acknowledgement as other signifi- 
cant conditions, for example, mood and psychotic disorders, 
also, the primary care doctor is typically the central asses- 
sor and treatment provider.’ In any case, anxiety turns into 
an issue when it interferes with typical capacities, is irrel- 
evant to a genuine danger, causes physical side effects and 
gets excruciating to the individual. Pseudoephedrine is a 
sympathomimetic drug beneficial and widely used in nasal 
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MATERIALS AND METHODS 


For the present study, a pure sample of pseudoephedrine was 
purchased from Chandra Laboratories, Hyderabad. Pseu- 
doephedrine was suspended in 0.5% w/v acacia and the sus- 
pension of pseudoephedrine was utilized for acute toxicity 
and in vivo anxiety study. 


Experimental animals 

Albino mice (20-25g) were used for the anxiogenic evalu- 
ation. They were procured from Sainath agencies, Mush- 
eerabad, Hyderabad (282/99/CPCSEA). After randomization 
into various groups and before initiation of the experiment, 
the rats were acclimatized for 10 days. Animals were housed 
in polypropylene cages and maintained under standard envi- 
ronmental conditions such as temperature (26+2°C), relative 
humidity (45-55%) and 12 hr. dark/light cycle. The animals 
were fed with mice/rodent pellet diet (Golden Mohur Lipton 
India Ltd) and water ad libtum. The research was carried out 
in the experimentation room of animal husbandry of Marri 
Laxman Reddy Institute of Pharmacy, Dundigal, Hyderabad. 
The study protocol was approved from the Institutional Ani- 
mal Ethics Committee (I[AEC) before the commencement of 
the experiment (1567/PO/Re/S/11/ CPCSEA) 











Determination of Acute Toxicity (OECD Guide- 
lines 423)” 

Pseudoephedrine was studied for single-dose oral acute tox- 
icity study at a dose of 5 mg/kg, 50 mg/kg, 300 mg/kg and 
2000 mg/kg p.o in albino mice (6 mice in each group) by fol- 
lowing the guidelines of OECD 423. All the mice were ob- 
served for toxicity signs for 24 hrs followed by 14 days. On 
8th day and 14th-day body weights of mice were recorded. 


Evaluation of Anxiogenic activity of Pseu- 
doephedrine in albino mice” 

Control and test mice were treated with 0.5% acacia and 
pseudoephedrine suspension 1 hour before the evaluation of 
anxiogenic effect. 











Elevated Plus Maze 

The EPM mechanical assembly comprises two crossing arms 
that frame the state of a ‘+’. Two contradicting shut arms 
are built with high dividers and are frequently named alleys. 
The converging open arms are a similar width and length as 
the closed arms, yet need sides to make a raised, thin stroll- 
ing surface. Mazes can be built of the scope of materials, 
including wood or shaded Plexiglas, or metal. The size of 
the maze changes by species, research facility and producer. 
A common rodent maze raised roughly 70cm over the floor, 
with each arm estimating 10cm wide by 45cm long with the 
dividers of the encased arms around 30cm high. For mice, 
the device is downsized with arms that are around 5 cm wide 





by 30cm long, the side nooks 15cm high, and the whole con- 
traption raised roughly 30cm over the floor. The walking 
surface might be secured with elastic or fixed with ledged 
on the external edges of the open arms to improve footing. 
All the animals were also subjected to elevated plus-maze 
assessment of anxiety levels. Every rodent was set separately 
in the focal point of the maze looking towards the open arm 
and coming up next were recorded a) time spent in open arm. 
b) Number of entries in the open arm during 5 minutes ses- 
sion.” 


Elevated Zero Maze 

All the animals were investigated for anxiety levels by em- 
ploying elevated zero mazes set up. This test is the pharma- 
cological validated assay of anxiety in animal models that 1s 
based on the natural aversion of mice to EZM. It is composed 
of a 6 cm wide range ring with outer diameter of 45cm con- 
taining four equal quadrants of alternating walled or installed 
sections. The entire ring 1s elevated to a height of 20 cm from 
the floor. Control and Pseudoephedrine treated mice were 
placed in the walled region at the start of 5 minutes session 
and the number of entries and time spent in the open arm by 
individual mice were recorded during these 5 minutes.” 





Statistical Methods 

The values are demonstrated as mean + S.E.M and measur- 
able noteworthiness among treated and control group was 
analyzed utilizing One way ANOVA, trailed by Dunnett’s 
test where ***P<0.001, **P<0.01 and *P<0.05 was consid- 
ered statistically significant. 


RESULTS 


Acute toxicity study 

Pseudoephedrine was found to be toxic orally at 50 mg/kg 
which is evident by the death of all the mice at 50 mg/kg. At 
5 mg/kg the mice were found to be healthy and exhibited no 
clinical signs and symptoms of toxicity even after 14 days. 
Hence 5 mg/kg (higher dose) and 2 mg/kg (lower dose) were 
considered as therapeutically safer doses for the Pharmaco- 
logical studies. 


Elevated plus Maze apparatus (EPM) 

The results obtained from EPM indicates the anxiety-induc- 
ing potential of Pseudoephedrine (Anxiogenic effect) when 
treated in albino mice with both higher and lower doses for 
15 days. In Pseudoephedrine treated group it was found 
that Number of entries in open arm (higher dose= 1.8+0.63, 
Lower dose= 2.8+1.39) is significantly less when compared 
to control-treated mice (Number of entries in open arm= 
3.2+1.78). The time spent in open arm in Pseudoephedrine 
treated mice (higher dose= 5.8 + 0.47sec, Lower dose= 
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8.0+1.98 sec) is significantly less when compared to Control 
mice (time spent in open arm = 12+0.14 sec). This reduction 
in the number of entries in open arm and time spent in open 
arm in Pseudoephedrine treated mice when compared to con- 
trol mice indicates induction of anxiety with Pseudoephed- 
rine. The results are shown in tables 1, 2 and 3 and displayed 
in Figure 3 and 4. 


Elevated zero Maze apparatus (EZM) 

In EZM apparatus, it was found that Pseudoephedrine 
treated mice exhibited a significant reduction in the num- 
ber of entries in open arm (higher dose= 1.4+0.21 and low- 
er dose = 2.2+0.59) and time spent in open arm (higher 
dose= 4.4+1.72 seconds and lower dose = 7.8+0.43 sec- 
onds) when compared to the control group mice (number 
of entries in open arm = 2.6+1.35 and time spent in open 
arm = 11.6+1.25 seconds). This indicates that the Pseu- 
doephedrine treated mice have a fear for the open areas and 
have more tendencies towards the closed arm. Hence Pseu- 
doephedrine at both doses has produced anxiety in albino 
mice on treatment for 15 days. The results are depicted in 
Table 5, 6 7 and 8 and figure 5 and 6. 





Table 1: Effect of Positive Control group (0.5% w/v 
acacia suspension) on anxiety induced by EPM appa- 
ratus in albino mice 


SI. no Bodyweight (g) No. of entries 


Time spent in 
open arm (sec) 





in open arm 


1 20 o O 
2 28 2 9 
3 29 1 3 
4 30 9 28 
5 30 4 20 
Average = 3.2 12 seconds 


Table 2: Effect of Pseudoephedrine (5mg/kg) treat- 
ment on anxiety induced by the EPM apparatus in 
albino mice 


SI. no Bodyweight (g) No. of entries 
in open arm 


Time spent in 
open arm (sec) 





a 22 2 14 
3 21 1 o 
4 19 1 5 
5 22 2 8 

Average= 1.8 5.8 seconds 


Table 3: Effect of Pseudoephedrine (2 mg/kg) treat- 
ment on anxiety induced by the EPM apparatus in 
albino mice 





Sl. no Body weight No. of entries Time spent in 
E) in open arm open arm (sec) 

1 20 5 16 

2 21 3 4 

3 22 2 8 

4 16 1 5 

5 19 3 7 


Average= 2.8 8 seconds 


Table 4: Conclusive table of effect of Pseudoephed- 
rine on anxiety using EPM apparatus 


No. of entries 
in open arm 


Time spent 


in open arm 
(seconds) 





Control (Distilled water) 3.2 41.78 12+ 0.14 
Pseudoephedrine (5 mg/kg) 1.8 + 0.63** 5.8 + 0.47** 
Pseudoephedrine(2 mg/kg) 2.8 + 1.39" 8.0 + 1.98* 





The values are represented as mean + S.E.M and statisti- 
cal significance between treated and control groups were 
analyzed using One way ANOVA, followed by Dunnet test 
(Graph pad prism version 5) where *P<0.05 and ** P<0.01 
was considered as statistically significant. 


Table 5: Effect of Positive Control group (Distilled 
Water) on anxiety induced by EZM apparatus in al- 
bino mice 


Sl. no 


Bodyweight (g) No. of entries 


Time spent in 
open arm (sec) 





in open arm 


1 18 5 3 
2 22 2 7 
3 19 4 16 
4 21 O 8 
5 25 2 24 


Average = 2.6 11.6 seconds 


Table 6: Effect of Pseudoephedrine (5mg/kg) treat- 
ment on anxiety induced by EZM apparatus in albino 
mice 





SI. no Bodyweight No.ofentries Timespent in 
(g) inopenarm open arm (sec) 

1 21 1 4 

2 19 5 

3 22 2 

4 18 1 6 

5 20 2 5 

Average = 1.4 4-4 seconds 
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Table 7: Effect of Pseudoephedrine (2 mg/kg) treat- 
ment on anxiety induced by EZM apparatus in albino 
mice 


No. of entries 


Sl.no Bodyweight 


Time spent in 





E) in open arm open arm (sec) 
1 25 2 8 
2 p 5 5 
3 24 o 2 
4 20 2 10 
5 19 2 14 
Average = 2.2 7.8 seconds 


Table 8: Conclusive table of the effect of Pseu- 
doephedrine on anxiety using EZM apparatus 


No. of entries 
in open arm 


Time spent in open 
arm (seconds) 


Group 





Control (Distilled 2.6+1.35 11.6 + 1.26 

water) 

Pseudoephedrine 1.4 + 0.21** AA tig” 
(5 mg/kg) 

Pseudoephedrine 2.2 + 0.59 7.8 + 0.43” 
(2 mg/kg) 


The values are represented as mean + S.E.M and statisti- 
cal significance between treated and control groups were 
analyzed using One way ANOVA, followed by Dunnet test 
(Graph pad prism version 5) where *P<0.05 and ** P<0.01 
was considered as statistically significant. 





Figure 1: Evaluation of the anxiogenic effect of Pseudoephed- 
rine by elevated plus-maze apparatus. 





Figure 2: Evaluation of the anxiogenic effect of Pseudoephed- 
rine by elevated zero maze apparatus. 
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Figure 3: Number of entries in open arm with control and 
pseudoephedrine treated mice in EPM apparatus. 
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Figure 4: Time spent in open arm (seconds) with control and 
pseudoephedrine treated mice in EPM apparatus. 
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Figure 5: Number of entries in open arm with control and 
Pseudoephedrine treated mice in EZM apparatus. 
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Figure 6: Time spent in open arm (seconds) with control and 
Pseudoephedrine treated mice in EZM apparatus. 


DISCUSSION 


Cough and cold remedies comprise a major portion of the 
OTC market. An excessive dose of a nasal decongestant 
Sympathomimetic is reported to cause bipolar disorder in 
a 13-year-old girl.'* Several case reports are describing the 
anxiogenic symptoms with Pseudoephedrine such as rest- 
lessness, irritability and insomnia.'*'® The participation of 
9 of 74 children in a clinical trial of Pseudoephedrine has 
to be terminated because of severe side effects such as diz- 
ziness, irritability, nightmares and general malaise.” Few 
countries have banned Pseudoephedrine due to its undesir- 
able effects on CNS. However, it is widely used in India as 
an effective nasal decongestant. There are no preclinical or 
clinical reports to substantiate the anxiogenic potentials of 
Pseudoephedrine. Therefore the current study was planned 
to evaluate the anxiogenic effect of Pseudoephedrine in mice 
by using EPM and EZM models. Pretreatment with Pseu- 
doephedrine for 15 days has shown a significant decrease 
in the number of entries in open arm and time spent in the 
open arm when compared to control mice. This shows that 
Pseudoephedrine can induce anxiety in albino mice. There 
is no precise mechanism to correlate Pseudoephedrine with 
anxiety but it can be hypothesized that Pseudoephedrine as 
a mixed acting sympathomimetic can trigger anxiety symp- 
toms by directly acting on adrenergic receptors or by in- 
creasing the availability of norepinephrine or epinephrine to 
stimulate adrenergic receptors. Pseudoephedrine may also 
enhance glutamate levels which result in anxiety-like symp- 
toms. 











CONCLUSIONS 


Neuropsychiatric adverse effects such as sedation, bipolar 
disorder, psychosis, disturbed sleep and memory impairment 
have been linked to medications used in the treatment of 
asthma and allergic rhinitis. One such OTC marketed drug 
which on long term use is reported to cause anxiety-like be- 
haviour is Pseudoephedrine. Therefore by employing stand- 
ard anxiety-based animal models such as EPM and EZM in 
the present study to evaluate the effect of Pseudoephedrine 
on anxiety in albino mice. Based on the results of the present 
study we conclude that Pseudoephedrine (5 mg/kg and 2 mg/ 
kg) treatment for 15 days exhibited significant anxiety in al- 
bino mice in EPM and EZM models. There is a significant 
reduction in the number of entries in open arm and time spent 
in open arm with Pseudoephedrine treatment at both doses. 
However further biochemical and histopathological studies 
are required to establish the exact neurochemical mechanism 
behind the induction of anxiety with Pseudoephedrine. 
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